BRIDGE STRUDL MANUAL November 1973

T

APPENDIX C

MEMB ZR_PROPERTIES

CONTENTS
Section Pace
C.l1l Torsional Constants
I. Formulas for Standard Secﬁions e . . c-2

II. Formulas for Built Up Sections . . . c-9

III. Multi-Celled Sections . . . . . . . Cc-10

a. Solution by Method of Simulta-
neous Eguations

b. Solution by Method of
Successive Corrections

c. Solution by Approximate Method
d. Solution by Finite Element
Analysis

C.2 Shear Constants - Standard Shapes . . . . c-

3



APPENDIX C
MEMBER PROPERTIES

C.l Torsional Constants

I. Formulas for 5tandard Sections

For the proper interaction between torsional and
bending moments in a STRUDL analysis, the torsional prop-
erties of the members must be specified. The torsional
rigidities IX for many standard shapes of members have been
documented in many texts and will be included in this
apprendix for your convenience.
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Standard Closed Section Formulas:

TL
9 = Eg IX ‘
A = area enclosed within mean dimensions,
4[A]2 dg = length of particular segment of section
IX = 3 ts = average thickness of segment at point (s)
sz Ty = shear stress at point (s)
IX = torsionalresistance,in?
- T Eg = modulus of elasticity in shear
s 2 ®
S (steel = 12,000,000)
6 = angular twist (radians)
fF o= T L = length of member (inches)
2 A = unit shear force
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II. Formulas for Built Up Sectiorns

The proklem of finding torsional rigidities for
some Bridge Department standard cross-sectional shapes
Secomes difficult when standard formulas éc not applt. In
the follewing discussion methods are develcped to cobtain
torsional rigidities for shapes related to Bridce Desicn.

The Zollowing assumptions are made in developing
the ecuations used.

(1) Plane sections remain plane

(2) The material is homogeneous, isotrcpic and
linezarly elastic

(3) Saint Venants principle apclies

Torsional Ricidities

The torsional rigidity of an cren thin walled
secticn may rfe calculated from the following ecuation.
IN =1/ &£ b.%.° (Re=. 2.1)
i=1 -
This eguation is for the ceneral case of a seciion with n

elements,
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The torsional constant for a single thin walled
closed section may be obtained from:

402
§_d_5.
1

where {1 is the total area enclosed by the center line of the
walls of the closed section. The integral term represents
the sum of the various lengths of wall section divided b¥
their respective thicknesses.

IX = (Ref. B.1)
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For a hybrid section of a closed section plus out-
standing f£ins, the formula for IX kecomes:

2 n
Ix = 225 L L og opy,3 (Ref. B.1)
§_d_5. 3 i
t
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IZI. Multi Celle

(89

Sec=ions

Tcrsion of two or more cells ¢

onnected at the walls
is a statically indeterminate prctlem. The general methcd to
finé the torsional rigidity IX (Ref. 3.l1) is as follows.
Assume an n celled closed thin walled sectiocn.
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The equation of equilibrium for n cells is:
n
(1) My = 2 & a0 : ' (1)
i=1
where g. is the shear flow in cell i, and fl1; is the area
inclosecd by the center line of the walls inclosing the cell,

and My is the twisting moment applied to the cell.

The equations of consistent deformation are:

(2) Sji @; + Sjj q; *+ Sjx Ax = 20;80 (2)

. |
where: " Sji < 55“ = Sik = -%

G . is the shear modulus of elasticity.

fS“ ds/t is the sum of the length of cell wall, common to
I cells j and i, divided by its thickness.

SS« ds/t is the sum of the length of cell wall common to
! cells j and k, divided by its thicknesses.

s ds/t is the sum of the lengths of cell walls common
Sji to cell j, divided by their respective thicknesses.

8 is the angle of twist in radians

Equation (2) will yield n eguations for n unknown
shear flows and can be solved for the shear flows q; in terms
of G and the angle of twist 8. Knowing g; and Ili the tor-
sional constant IX may be calculated from:

(3) x « 2 Foq.n (3)
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The following examples are attached to show four
methods of solution that may be used for a box girder section.
The example secticn chosen was a standard three celled box
girder with sloping exterior girders.

a. Solution bv Methed of Simultaneous Ecuations

The torsional constant IX for a three celled box
¢ixder may be calculated by the method of simultaneous egua-
tions which is based upon the following facts:

!
(1) The summation of external torsional moments andé

the internal resisting shear flow svstem must be
equal to zero.

(2) The angle of twist must be the same for each cell.

These facts are used to write one ecuation for each cell in
terms of the shear flow g for that particular cell. The
resulting shear flows are then used to calculate the Torsicnal
Constant IX. The method used in the fcllowing example uses
three simultaneous ecuations to solve for the unknown shear
flows g.

EXAMPLE CALCULATICN FOR TORSIONAL CONSTANT IX

Bssume Bcx Gircder:

H
o)

ealize Box Girder:

) 8.92' 867 8.92' |
\ |
l * l |
<
k n, 548 N, Q5
.
X 59 !
Ny=3= (-6—'1—9;&-2-) (3.48) . 4. 40 sq. ft. Top sigb thickness = .56 ft.

N, = (5.48)(8.87) = 47.51 sqft. Bottom siab thickness = 48 ft.

C=13



Using equations for multi-celled sections we may obtain
the following: (See Ref. 1 for additional details)

¢ . 1(892,6.19, 548, 6.3)\. 40.44
S33% Sy ® G( 567 48710 T -5 G
-5.48
S12=%21 = 923 =932 = S
5.48 , 5.48 , B.67 , 8.67
Szzz(_u T tse .48) . 4450

G G

From Equation 2 we obtain :
-5.48 q; + 44.50qz- 5.48q3= 95.02 G&

Oq - 5.48qz + 40.44q3= 82.8 GO

g = 2.42G®
qz = 2.73 G8
qs= 2.42 GO

And from Equation 3 we obtgin:

IX = 2(2.42- 41.40 + 2.73- 47.51 + 2.42: 41.40)
Ge

IX = 660.1 ft4

b. Solution bv Method of Successive Corrections

The Torsional Constant IX for a multiple cell box
Girder mav ke calculated by the method of successive correc-
tions. This method is similar to the moment distribution
method used in frame analysis. The method is based on the
following facts:

C=14



(1) The summation of the external torsicnal moment and
the internal resisting shear £low force system must
equal O.

(2) The angle of twist must te the same for each cell.

These facts are used to write one eguation for each cell in
terms of the shear flow g. The resulting eguations are then
solved by the method of successive corrections.

The relation between shear flow and twist per unit
length is given by,

. 2AG® -
(3) q = ) (Ref. 2)
£
Where
G = Mocdulus of rigidity
L = Lencth of any cell wall of constant thickness
t = Thickness
6 = Twist per unit length
A = Area of cell interior
Assuming G§ = 1, ecuaticn (3) can be written
. 24
Q; = L
E -—
=
This ecuation then solves for ¢ for each cell incdezendently.
The resultinc ¢ for each cell is the assumed g that is adjusted
tv the successive agproximations method.

Carry over factors are determinec £or each cell £rom
trhhe following ecuations,

=) web (1-2) L )

COF (2.1 = <I) COfirg s (%) wep (2-3)
(E-T—)cell (n | (g% cell (2)
L) web (2-1) L .

COF (+-2) H (T)‘w COF(;-“;) . (T) web (J-1)
(2?/) cell (2) (Z %:} cell {J)

COF (2-3) s

(-‘.f:) web (3-2)
L
T

)cml(B)




The carry over operation is performed until the
desired precision is reached. The final g for each cell is
equal to the initial g plus all the carry overs from adjacent
cells. It will be noted in the example problem that the
carry over from cell 2 in the third step is computed from the
sum of carry overs to cell 2 in the previous step. The tor-
sional constant IX is then computed from the following
equation.

(4) IX =28 q; Aj (4)
Jzl

Example Problem-

Given: Box girder section with cell areas and wall thick-
nesses taken from previous example problem.

Recuired: Compute the torsional constant IX by the method of

successive corrections and compare with results
obtained from solving the simultaneous equations.

oo o/

A= 41.40 sq. ft. £+ = 40.44
Ap = 47.5I }2) ﬁ& = 44,50
- L.
As= 41.40 € = = 40.44
Assuming G© = |, equation 3 may be written:
.. RA . 2-4l-40 -
%3° % T C “—20aa - 204.7 x 1072
T
A - 47.
go: 2% = 2ALAL . 35 x 1072
8 T .
COF.2 = j’c—"fz = 423
- - 548 .
COFp = COgy * %ty = 136
CO.Fx.p? 3%4332 = 123

C-l6



CELL | CELL 2 CELL 3
COF. 123 136 123

g 204.7

213.5 204.7

co. 29.0 >< 252 25.2 29.0
c.o. 6.8 ::>x<:;'16 \;;:><::; 6.8
| c.o. 1.0 ;:::><:::;‘\T;:>K<::

Total 241.5x 1072 272.7 x10°2  241.5x10°2

1.0

From equation (4) we may obtain:

IX

2(2.415-41.40 + 2.727 x 47.51 + 2.415- 41.40)

IX = 659.044 f1.4

c. Solution bv Avoroximate Method

An aprroximate method to £ind the torsional cemstant
of a multiple box girder would be to assume that the inter

web members were not effective in torsion. The torsional
constant could then be calculated from standard formulas pub-
lisheé in Engineering Handbooks. A gocd reference for
torsional constants is "Design of Welded Structures" byv
Blcégett. The following examcle uses the dimensions as

stated in the other methods but neglecis the effects of
interior web members for torsicnal considerations.

e
1

Approximate Method Example:

Box Idealized

(No wekbs)

i 26.51"' |
|
|

a2 <- - - —-—"-—-F"-—-- 7

. 4 (A) \ i /

/cs/,s \ 5.48' /
\ /
L _/
21.05' l
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A x (8832 2L03) 548 - 130.3)

2
AZ: [6,980.70
4 A%: 67,922.80
ds . 2651 12.26 _ 21.05 .
fT 56 | a8 103.43
. 67.922.80 4
Rz SSs=is— = 656.6 f1.

d. Solution by Finite Element Analysis

The solution by finite elements requires the use
of a torsional analysis program available in Bridge Computer
Services. A complete discussion of the theory and use of the
program is also available in Bridge Computer Services. The
following example shows the steps needed to obtain a tor-
sional constant by the finite element method.

Example Problem

Given: Box girder secticn with cell areas and wall thick-
ness taken from previous example problem. (See
sketch)

Reguired: Compute the torsional constant IX by the finite

Y element method.
A
I 5 9 13 17 26 35 39 43 47 51
2 6 0 14 18 27 36 40 44 48 52
19 28
20 29
2! 30
22 13l
123 132
3 I 15 24 33 37 41 45 49 53 ks
8 2 16 25 34 38 42 46 50 54

c=-18
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The following coding describes the elements that
make up the cross section to be analyzed. The first four
cards give the title of the problem, the loads to be applieg,
the material properties, and the number of node and element
cards to follow in the input. The subsequent cards describe
the position of each node in XY coordinates and the last

group of cards describes hcw the elements are connected at
the noces.

. The attached output listing shows the results that
may be expected from the input data shown. For additional
information on input and output for this program contact
Bridge Computer Services.

C=-19



THe EE FELLED ARNY ATONER TARKTIMANAL CNNSTANT FYAweys

CATNTTUNE NE SHEAR FNECE [N THE X=NTRECTINN,.. 10.00000
WARNTITINE A€ CYEAR ENEGCF [N THME Y=N[0ECTINN... 10.00000
X=CANONINATE NE SHFEAD FRerF,,, 0.0

Y-LON®AINATE NF SHEAR E00CFE, ., 0.0

TNISTING wnweNT, 10.00000

FLASTIC OONSEPTIES NF TWE wATFRTAL

NS NE ELASTICITY, .. 3000000.

ONTSSNNS QATTIN,, . 0.1%0

-SHEs® WUk, .., 1304348,
NNE 1 X = n.0n Yy s 6.0000
wone 2 X s 0.0 AR ] S.4400
Lalals 3 X = 0.0 Y = 9.4R00
wine IS ¥ = 0.0 Y = f.n
NNE < X = 0.80 Y s 6.0000
NONE & X = J.8200 v s 5,.4400
NDF 7 X = N.8300 Y. N. 4800
L agld L X ® n.8300 A n.0
whnE o X = 1.8290 Y= 6.0n00
NNE 1N X = 1.2310 Y. §.4400
NNE 11 X = 1.8%0 Y= 0.4500
NNE 12 X = 1.8300 Y= 0.n
anne 1% L 2.8309 Y= 8.7000
NOF 14 X = 2.8300 Y = S.4400
wme 18 X = 2.8%00 v 0.6800
NDE 1A X = 2.8300 Y= 0.0
nnmE LT X = 3.nN0 Y= 6.0000
NNE 18 X = 3.%10N Y= S. 4400
gNE 1o X = 3.8100 A ) %.0Nn00
NOAE 2D X = 3.A300 Y s 4.0000
ynae 21 X = 3.830 Y = 3.0000
wINE 22 X = T.R300 Y. 2.0000
NONE 21 X = 1.2300 Y e 1.0000
e 24 X = 1.83100 Y= 0.4800
NRE 2% X = A.810N0 v = 0.0
NE OR X - 4,2300 Y = 8.0000
Nne 27 X = 4,.870N0 Y = S.46400
NnE o X = 4,030 Y- $.0000
NANE D9 X = L RINN v s 4,N00
wwnE 30 X = 4.8300 Y= 3.n0NN
L2l ) ] X = 4.%00 Y = 2.1n00
NE 3D X = 4,83n0 v = 1.0000
NONE AT X = 4.8300 Y = 0.4800
wNNE 34 X = 4,.8300 Y = 2.0
NNE g X = 5, A3NNA Y = 6.0N00
Laa LIS VY X = €.8100 Y. S.4400
wone 37 X = 5,800 v = 0.4200
wone e X = <,210Nn Y n.n
NNFE 20 X = A.%300 A 6.0000
NNNE 40 Y e A, 9N A $.4400
NANE &} X = A.837A Y= n.4300
NNE &2 X = &.2300 Y. n.0
NNE 47 X = 7.8300 Y . A.0000
HOINE s X = T.2300 Y = %.4400
NONE 48 X = 7.21300 Y = 0.4800
NONE A6 X = 7.2700 Y. 0.0
NONE a7 X s 8.8300 Y = 86,0000
NANE AN X = A,R300 v = S. 4400
wne a9 X = 8.R300 v 0.4200
Lbl T L X = 8.4300 Y = n.o
NOnE S X = a,93nn v s 6.0000
NPNRE 8§D X - e,97n0 v . $.6400
NONE %1 Y = a, 8300 L2 N.4800
NNNE 84 X = a_ rINN Y s 0.0
Ll I 1 X = 10.8300 Y s 5.00n00
NNE 84 X . 1n.*300 Y= 5.6400
MANE 8T X = 11.8309 v = 6.0000
NANE g X = 11.%100 Y= %.4400
NNNE o Y s 12,.%400 A\l 45,0000
NONE 4N v = 17.54610 Y. %,4400
NnE A X = 12.34n0 Y - %.0000
wne  g) Y = 11 .2600 Y = 4,0000
NOPE A L 3 11.1490 v 1.nnnn
NMNE AN X = 10,8400 Y = 2.0000
uANE 4% X = 10.3400 v s 1.0000
NODE  AS X = 10,0800 Y - 0. 4R00
wne 47 X w 12.7500 Y = 6.7000
NTNE AR X = 13.4790 Y= %.4400
NME 40 X = 13.460N0 Y = <.000n
NPNE 70 X = 12.9400 Y = 4,0000
wnnE 71 X = 12.4400 Y= 1.0000
L alo LI & X = 11.9679 A 2.000"
NONE T3 X = 11.4600 v s 1.0000
NOF T4 X = 11,0400 Y = 0.0

c-20



NUMARER K NAONAL PYINTS, ..

WINAKR AR ELEUENTS, 0 0n

1 2

s 4

A 10
AR 14
17 18
24 27
AL 36
e .0
43 o4
.7 48
st 32
LL] 56
<7 $a
<9 60
L] [}
61 a2
2 [} ]
[}} o4
&4 [ 1]
(1] (2]
46 3
ay L)
a8 48
&1 2
37 3
33 Y
18 19
\e 20
20 21
” 2?2
2 23
21 26
24 2%
18 16
11 12

hd L]

3 .

T4

17



DR TN THE X=CNMBANENT € THFE SHEAR ING FNPCF

NNNE WAPP NS FUNCTINN
1 2.0
2 9.0
3 n.o0
4 1.0
* 1.22495N=07
[ 3.224717=07
v 3.319740-07
L] 3.322140-07
e 7,094220-07
10 7.0913820=Q7
11 7.30379-07
12 7.303930-07
13 1.09412n-06
14 1.090110=06
18 1.12298n-06
16 1.124%4D0=06
17 1.452610=06
18 1.8R42 =04
1 1.%566370=06
20 1.61158N=-06
21 1.82%220-06
22 1. 429190-06
23 1.606A0N=06
26 1.92%6%N=06
2% 1.4990%=06
26 1.689A%N=-06
27 1.8668%N=04
28 1.81156N-06
29 1.613190-06
n 1.8268™M=06
31 1.6307N=-ns
32 1.64180N=-04
31 1.70874N=06
s 1. 7325606
as 1.9737aN-0¢
A1) 1.974820-06
17 2.0%28NN-06
hld 2,99138N=04
e 2.2%R00N~26
A0 2.2%627N=06
at 2.36945N=04
42 2. T71330-06
A 7.82%42N=06
44 2.523740-06
43 2,872420=04
L) 2.67419N=06
47 2.7751SN=-06
LY ] 2.77343AN=06
49 2.9%7670=06
s0 2.95944N0-04
31 3.008387=96
82 3.00323=96
|3 1.272188N=06
sS4 1.22%a7N=06
ss 1.2132"MM=N8
e 3.219930-04
<7 1,%9709N=4
<8 3.193740=18
%9 1.%0626"=06
60 3.%1904N=N4
81 3.947610-06
a2 3. %40%4N=-04
L3 ] Y. 53446N=06
64 3.,4752850~06
[1] 3,31811en=08
1) 3.287210-06
(34 1,57900N=06
L1 3.9637%0=06
89 3.%%50450-06
70 1.87139N=96
n 3,56064N=06
72 3.516040-06
"’ 3.44007"=06
? 3,3709MN=06



MIE TA PUE (CANPTNENT AR TUE CHEAITHR ENBCE

X

4.15090P=1

t.33900"
2,33009N0
1.00a0
4,%10000
LIS R LLLL]
8, 3279e0
7.32900n
a,1ree0n
a, J70een
1. 023NN
t.13901
1.210820
1.%1%420
1.190770
1.288007
1219190
l.14%9M0
1.11%nan
1M71MN
1. a1 %or
9,3200eNn
e, 17290
T.179%0n
IYRELL LY
s, V100N
a,%10000
4320000
4,300
4, V300NN
4.710990
4,11000N
[SRERLTT.L)
3.310099
2.310mn
1,110n01

nn
n
"
0
00
no
an
0
nn
”n
at
nt
ot
at
01
nm
~
"
)
o1
no
~n
19
an
LUl
00
“an
%0
an
2
an
29
10
an
an

4. 18000N=91

v

4. 72000n
%, ¥200M
%, PoAM
%. 729000
S. 720000
$.720n00
8.7727000
S. 72000n
8, 72000
S, 27000
8.720000
S. 720NN
5. 72990n
€, 203"
%.2200M0
4.500000
3.800n"
2.50000n
1.%a000n

kL)
20
an
an
no
on
ne
a0
an
no
0o
oo
e
an
fal+]
ne
00
20
no

6.2N001N=01
2.400017=01
2,400010=11
2. 400010=11
2.40001N0=01
2.40M010=01
2.400010=-01

$.229900
A, 800000
Y. 2009
2.%0990n
1.%09n00M

on
an
0o
00
an

T.400010=01
2.40N0N1N=NY
2.40001N=11
2.400010-01
2.400010=01
2.400MN=01

1.413290=97
S.1619A0-07
9.0n0s4n-07
1.290%88N0=06
1. 571760-06
1.82A7TN=0e
2.114290=-06
2.391aTN=96
2.6501AN=04
2.890120=06
3. 10904N=008
V. IN448N=N8
3,4544TM=06
3. 54291Nn=0¢
1,.%510N-06
1.561710=06
3.340610=N4
3,92%700-0
RITI RARLLL DT Y
3.37%400=08
3. 28440008
1.091490~06
2.816470=06
2.92212n-08
2,211450=06
1.AR471N=008
1.482510=-06
1,601 =00
1.41997M<08
1. 62874N=0¢
1.42778n<08
1.427970=08
1e416730=06
1. 312477=06
9.274240=07
5.3112an=97
1. 640730=07

\2A 1

3.079440-1

4,99248n-01
4,9N3930=N1
2.724840=01
A, 837NN
YA%000N=N1
Y.400880201
.10 7N=9]
2,91488001
2. h06TIN=A
2.2646120=71
1.9%480n=N1
4,36991N=92
1.%60190=19>
*eV,424410=03
A baRl N3
2,%18190=n2
4. %6N0890=0?
1.268010=01
2.187ATH=N1
3.381290=01
3.4638980-11
I, M9210=A1
4,12002n=01
4.10325n=01
1.470170=11
2.,278720-92
2.111%¥0=04
2.111010=08
2.247720=n3
1.412190=11
2.707900=91
8,094 3N=01
S, 1a8nN=))
%.20298n=91
$.2290¥0=11

rrY

S.MIALTN=0%
-%,540840-04
1.547377=01
=3, 4789002
=1,274020-02
2.,290430-02
*2.V8720N=313
2.44730M=N4
«=2,%9004N=-05
1.190440=0%
«8,44302N=09%
8.1%0680=04
=1.096990-92
«1.443270~02
8, 5AA41N=12
=2.,64227N=92
1.2%4220-92
$.091500=92
2, 547830=-92
9,44438N=92
1.28035D=02
«2.212889-9)
3 141790=04
=4,292710=-24
3.292%900~13
=2.713400-02
4, 144649N=02
<3, 16A04N=02
=1.804270-02
-4,42515N=013
L 192820=93
1.9%4130=32
8. 4471 AN}
1.202040~32
~1,944440-03
[YRLIELL N TS
«7,%49%850~9%



MIE T THE Y-CNMPANENT 0OF THF SHFARING €NPCE

wone MARPTNE FUNCTTAN
1 1. 342810=06
k4 1. 31R740=06
£} =1.76R94N-06
IS -1.783880-06
< 1.M1677M=06
[) 1. M13200=08
v -1,71789"™-06
L] =1.722140=06
e 1.2167%N=06
to0 1.2140%5"-06
n «1.959842N=-06
12 -1,600320=04
13 1.037720=06
14 1, 04417006
18 “1.397AT=06
16 =1.18304N=08
17 8.168870-07
1e 7.686387"-07
1e 4.110920-07
20 2.41070N=07
21 -1,486400-07
22 «4,307000-07
23 -8.806110n-07
24 «1.05894N-N¢
’¢ =1.101340=06
b ) 8.02716N-07
27 7.628390-07
28 6.,211030-07
?9 2.,479240-07
In «1.%509979-07
3 -5,421770-07
2 -8, 8e86AN-07
13 «1.023640-06
1 «1.068260-06
1% e, 7T M-07
36 9,99230Nn-07
37 ~l.16468N-06
38 =1.148510-06
19 1.,1080%N=06
40 1.131080-06
a1 =1.195020=06
42 ~1.17670N-06
43 1.159499-06
s 1.19181n=06
43 «1.13688D-06
46 -1.1108m0-06
A7 1.13580N-06
[ ] 1.177930-06
A9 -9 ,A75230-07
<0 -9,%28910-07
1 1. 036600~06
$2 1.08983N-06
53 -7.4763M-07
LT3 -7.029%%0-07
s ) 8,621170-07
EL) €,27250n=07
7 6.10346N-07
58 6.922060-07
se 4,140280-07
40 4,381280-07
61 3.13%0610-07
82 7.90933N-08
63 “1.81969N~07
(13 «3.8%5560N-07
(1] -5,37567D-07
Ab -6,66208N-07
(34 3, A82120-07
(1] 4,64449N-07
49 4,729%40-07
10 2.78%39n-07
71 1.29033n-08
72 -2,%1086N=07
ks -4, T40320-07
T4 -5.56474N-Q7



CNE TN THS YoCARPANENT N8 TUE SHEARTING EAOCS

4,18000M-01

1.3090
2. van00N
1, 330060
a,33000n
s, 3 nnen
A, Y2000
T.V20%an
8, Vyeeen
e, 320099
1.933000
1.113090
1.210%20
lo318527
1. 30070
1.26%000
1.21%M0
1. 16900
1.11900N0
1.07199n
1.017%9n
9, Ve
a8, 12e0an
T.37e0en
s.170wen
S.3¥3ANON
4, 13INNON
4,%30MNn
4,3%0m0
4,3M000
4,V3AANNH
4, 330000
4,2 nnon
1.130900
2.V3n0nN
1.31099n0

oo
0o
oo
1}
-1}
[+ Je]
on
no
(1]
o1
-3}
ol

00
a0

4.1%000N=01

\4

$.728950 20
€. 720000 00
8,720000 00
S, 720900 90
1. T2000n 90
s, 20000 AN
S. 20900 An
%, 770000 00
s, 720000 nO
8,720000 Ao
$. 720060 00
s, 700N an
S, 7200 10
8. 720000 N0
$.220090 00
4,50990n 00
3.%000mM 00
2.500000 00
1. 800000 00
4,200010-01
2.400010-01
2.40001D-01
2.400010-01
2.400017-91
2,400010-11
2.400N 0=
%,.72900n 00
4,350000n N0
3.5MNM a0
2,%00nn 90
t.%000m 20
T.400010=91
2.400010=01
2.600010=91
2.400010=91
2.400010-11
2.40001N=31

we

1.330340-9¢
1.26 7% N=0¢
1.130%n-06
e, 190877
7.829710-07
8.80441N=07
1.1%488N=0A
1.1%50371=08
1.1409930-06
1.1129%11=06
9, A17190-07
7.75793n-Q7
S, 40933007
4,30991N-97
4,3439M07
2.912730-07
4. %977TIN-0N
=2,0271AN=97
4. 26088N-07
=5,63A190=07
A, SAALMN=0T
-A.%0408N-07
«1.00%42N=04
~1.1%748n-08
~1.17389n=06
=1.004e2M-0¢
$.918520=07
4, 33233N=07
4.793140=00
-3, 44R884N=07
=T.180040-07
-9,45710N=07
-1.06120n=06
«1.23%940-06
=1.4045M=06
-1l.661900=06
=1.73010N=0A

TIx

-4,33%040=02
=l.38885N=01
=3,4%4230=-1
=3,A7R94N=A}
~4.104290=07
7.32182M=01
1.276840=11
2.321130=32
-R,12%44N=N2
=1.8872enan1
=2,90206n=01
=3,9448T=91
-4, 931200=A1
-4,08124N=02
3. 210200=02
ledSASON.]
2.00480N=01
2.04304N=01
1.80/87N=01
2.292120=91
V4081 40=1
3.97041N=01
2.40%78N=AY
l.4100e9201
1.44741N=N2
=1.13040n=01
=1.920840=-02
-3,92204N=13
1.071020=An
=7,914240=N0
T.A21180=03
4, 72308N=02
0, 4977112
4.246150=91
2.3709Ma=9t
l.A®%eIN=n]
$,29238N=A)

TIY

7.294160-04
1. 332460-09
=45.2%4917=03
5.22317M=02
1.227%80=01
5.248080~02
4. 88A160~03
1.797470=33
4, 782430=04
7.044190=00s
1.0%708n0=03
-2.17e820-m
T.314480=02
1. 12404n=01
1.47%860=-01
3.91%230=01
4, 291830=01
A,148070=-91
1. 614080=91
2,904980~-01
1.394280=91
«1.115320=94
4,817500=04
1.018%60-93
-4,177780-03
3.417480=92
4,.AN7540-01
S.N0434N=01
€.4n09a0=91
5.294180-91
&, TA406N=01
4,090070-91
1.077e8n-9
$.680940=02
«4,29274N=91
1.241527=03
AL 4N16WN=00



QUE TN TME TOTAL APPLIED TWISTING MOMENT

NONE WARPING FUNCTINN
1 2.0
? 9.0
3 0.0
L3 0.0
s ~2.43490n N0
'y ~1.9401 ™ 00
’ 2.2%014n a0
[] 2.6%7690 00
o ~5,35%1a0 90
10 ~4.33%17M 00
11 4,274440 00
12 5. M4658N 00
11 ~8.30342™ 00
1e -6.68227™ 00
15 7.66602D 00
16 *,0682%0 00
17 -1.10399n 01
m =9,281200 00
19 ~8,2019%0 00
20 «3.980790 09
21 $.701%2n-01
22 $.12116n 0o
73 9.383310 00
24 1.038%30 01
2% 1.276220 01
26 =1,260399 01
27 -9,6392an 00
29 =7.11371n 00
29 =3,232960 00
10 3.179R29-01
N 3. A893D NO
12 7,708600 00
13 1.071%60 O1
34 © 1.73244D 01
38 ~1.4889091 01
18 -1.16523n 01
37 1.391%6n0 Ot
I 1.87794n N
10 -1.733450 N1
40 =1.3%0680 N1
3} 1.913180 01
2 1.441430 01
4y =1,97826n 01
[ -1,93781% 01
X ] 1.72692n M
.8 ?.102780 O1
.7 =2.2197%0 01
[Y] -1,T24770 01
se 1.940770 01
s0 2.364040 01
81 ~2.462240 01
$2 =1.9117%0 01
[3] 2.15%16%0 01
s4 2.628270 01
ss -2.70%186n 01
ss -2.098800 01
57 -2.948780 01
s -2.28%1™ 01
se =31.10039 01
50 =2.44771 01
61 ~2.069%9n 01
82 =1.114810 01
63 ~1,448310 00
64 B.2%1510 00
6% 1.79se1n 01
66 2.2088%0 O1
'Y ~2.969900 01
on -2.274%30 N
69 =1.799%2n 0t
70 -9,A1177%N 00
13! ~4.377130-01
72 R.1421™M 00
7 1.67%720 01
Ts ’ 2.633%60 01



MIE ¥ TME TOTAL APPLIED TWISTING wNNENT

4,15090n=01

1.3v000n
2. 3v000"
3.3Ma0n
4. 3300M
$.339000
6.329090
7.329%%0
8.329%9n
9, 3290en
1.033000
1.13%090
1.21932n
1318920
1.3007TM
1.269000
1.2180m0
1.16%000
1.115000
1.07100n
1.01730n
®,329%0
A 320000
P.J 20000
e J2994N
s, 330000
4.330000
4.330000
44,3390
4.33%0000
4.330000
4,337000
s. 330000
3.310010
2.339009
1.3W000

na

oo
an
on
9n
no
20
20
[}
n0
a0

4,130000=91

Y

s, 720000 N0
%,720000 N0
$. 720000 00
S. 720000 0O
%, 720000 NO
8. 720007 00
S. 72000n 00
$. 720000 00
$.720000 20
$.720000 00
%, 720000 00
S, 720000 00
$. 720000 90
S. 720000 00
$.220000 00
4.%00000 00
3.%00000 00
2.%00%0n 00
1.300006n 00
$.200010-01
2.400010=n1
2.400010-01
2.400010=01
2.400010-01
2.40001N0=01
2.40001N=01
$.220000 0N
4.4%00000 00
3.3600000 00
?.30000n 00
1.%00000 120
7.400010-91
2.40001N=)1
2.40001D0=91
2,400017=91
2,40001n=01
2.430010=-01

~l.0027T™M
-3.8213%0
«4.189000
-8, 8164480
~1.063100
=1.21%M
=1,434%A0
=1.449550
~1.8649%20
-2.07950n
=2.204480
«2.%09470
=2.69331"
«2.495%5240
=2.,140%10
“1. 477800
~5.6308160
3.501700
1.264140
2.3823M
2.4118370
2.271180
2.033630
1. 7980™
1.5%8%2n
1.32Nn970
«4,54904N0
-5.4323%0
~1.581400
2.469340
$.520400
9.399200
1.167290
9, 848440
6. ASRBLD
3. 02220
1.2269™M

X

«2,786420=11
=2, T64642N=01
«2,786440=1
=2, 76843N=01
«1.288140-01
«2,48703D=01
~2.497070=M
«2,497120~01
«2.49718N=11
«2.497220-01
«2.,497230-01
«?.,497230=-01
=2.49735N=01
-4, T29290=02
S. 835534004
4,9151In=12
$.242040-02
62631302
4, 581%80=2
l.186720Nn=01
2.06A37N=01
2.91369Nn=01
2.913640=01
2.913440=01
2.91368n=01
2.913410=01
~0. TTSTAN=N2
=1, 703320=A2
«3,2233%0=09
4.5127%0-08
1. % 1680=02
9,420410=-02
2.3064™M=01
Y.227010-01
3.227%90=01
3.2278TN=N
1.227940=01

7Yy

-4, TEI2S D04
«2,47R99N=04
=1.5236%0~-03
1.49%830-02
4.168530-03
«1.12915n=02
1.176220=33
«1.2260%50=04
1.394370-08
~6.5R86 2006
5. 0349%N=0%
=y T4 N=04
2:.30578N=02
4,89937N=02
1.2%4760-01
1.248700=01
1.248690-01
1.248690-91
1. 2680%0=11
1l.062120-01
7.021930-02
=2.371040-93
3.112900=04
=2,41883N=04
1. 71837793
«1.,418%30-02
1.909090-02
1.50*080=-92
1.350910N=02
1.999100~02
1. 35001 1N=02
1. 4N9090-92
4,.22%090-03
1.799640-32
=2.112430-03
“1.57243N=04
-8, 130590=34



A®EpA NE SECTION... 4.71290F 01

X-CNORDTMATE OF CENTENIO... 0.9
Y-CAReNINATE AF CENTEOIN... 1.29217F 0o
X-MOMENT OF INERTIA... 2.38206F 02
Y-wnuENT OF TNERTIA... 1.17983%€ 03
POAMILT NF INENTTA 0o 0.0

ANGLE TN SRINCISAL AXES... 0.0
Y-CONRDINATE OF SHEAR CENTER, ., 0.0
Y=CONMMDINATE OF SHEaR CENTER,., 2.871a0% 00
SMEAR COBFFICTENT AXX... 1.85269¢ 00
SMEAR CNEFFICTRNT Avy,,. 2.6881%€ 00
SHEA® COEFFICTENT AXY... 0.0

TOTAL TNISTING wowENT... 1.82140F 01
TARSTONML CONSTANT... 7.06625€ 02



c.2

Shear Constants -

Standaré Shaves

The following tables are provided to determine
the shear constants that may be needed for a STRUDL analysis.

SHEAR SHAPE FACTORS 7

fvdx

4= LYo

GAx

where *

V = shearing force

G = shearing modulus

A : cross-sectional area
f = shear shape factor

Section I 7

f =

circuiar

W bending
about minor
axis

| ,
I v
1

24

where: 4 3 total areg
4¢: flange area

—T— | . A
N f"lw

a———

W bending where: 4 =
about major ! Az
axis

total area
wed greg
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